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(54) Optical fiber array 



(57) An optical fiber array (1) including a V-groove 
substrate (4) having at least one V-groove (3) in which 
at least one optical fiber (2) is arranged and a fiber fix 
substrate (5) for fixing the optical fiber (2) arranged on 
the V-grooves (3) is disclosed. In the optical fiber array 
(1 ) according to the invention, one of the V-groove sub- 
strate (4) and the fiber fix substrate (5) has a concave 
portion into which the other substrate is arranged in such 
a manner that a bottom surface of the concave portion 



of the one substrate is connected to a bottom surface of 
the other substrate directly or via the optical fiber (2), 
and the concave portion has side (8-1,8-2) end walls 
whose thickness is thicker than that of a bottom portion 
in which the V-grooves (3) are formed. Moreover, side 
inner surfaces of the concave portion of the one sub- 
strate and side surfaces (8-1 ,8-2) of the other substrate 
have a taper shape extending gradually wider toward 
an opening of the concave portion. 



FIG. I 
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Description 

Background of the Invention 

s (1 ) Field of the Invention 

The present invention relates to an optical fiber array including a V-groove substrate having a V-groove on which 
an optical fiber is arranged and a fiber fix substrate for fixing the optical fiber arranged on the V-groove. 

10 (2) Related Art Statement 

Usually, as a member constructing a highly reliable optical connector, various types of optical fiber arrays, which 
include a V-groove substrate having a V-groove on which an optical fiber is arranged and a fiber fix substrate for fixing 
the optical fiber arranged on the V-groove, are known. 

15 Fig. 8 is a schematic view showing one embodiment of a known optical fiber array. In Fig. 8, an optical fiber array 

21 comprises a V-groove substrate 24 having a V-groove 23 on which an optical fiber 22 is arranged, and a fiber fix 
substrate 25 for fixing the optical fiber 22 arranged on the V-groove 23. The V-groove substrate 24 and the fiber fix 
substrate 25 are connected from each other at a fiber connecting plane 26 e.g. by using an adhesive. 

The V-groove 23 is arranged partly from one end along a longitudinal direction A of the optical fiber array 21. A 

20 concave portion not shown is arranged in the connected V-groove substrate 24 and the fiber fix substrate 25 from one 
end of the V-groove 23 to the other end of the optical fiber array. Therefore, a tape fiber 27, in which a predetermined 
number of the optical fibers 22 e.g. four optical fibers 22 in Fig. 8 are integrated, is fixed in the optical fiber array 21 in 
such a manner that bared optical fibers 22 at one end portion of the tape fiber 27 are fixed on the V-grooves 23 and 
the tape fiber 27 other than the bared optical fibers 22 is fixed in the concave portion mentioned above. 

25 |n the known optical fiber array 21 mentioned above, the V-groove substrate 24 and the fiber fix substrate 25 are 

connected at the fiber connecting plane 26 having a linear shape from each other. Therefore, if a heat and a humidity 
are applied to the known optical fiber array 21 , a water component is introduced along the fiber connecting plane 26 
from the exposed end thereof, and the V-groove substrate 24 and the fiber fix substrate 25 are liable to be disconnected 
from each other. Therefore, it is necessary to use a special high reliable adhesive, and thus there is a large limitation 

30 on manufacturing the optical fiber array 21 . 

In order to eliminate the drawbacks mentioned above, as shown in Japanese Utility-model Laid-open Publication 
No. 4-101504, it is possible to use an optical fiber in which one of the V-groove substrate 24 and the fiber fix substrate 
25 has a concave portion into which the other substrate is arranged in such a manner that a bottom surface of the 
concave portion of the one substrate is connected to a bottom surface of the other substrate directly or via the optical 

35 fiber 22. One example of such an embodiment is shown in Fig. 9 in which the V-groove substrate 24 has the concave 
portion having side end walls 28 whose thickness is thicker than that of a bottom portion 29 in which the \Agrooves 23 
are formed. 

In the embodiment shown in Fig. 9, the V-groove substrate 24 and the fiber fix substrate 25 are connected by using 
an adhesive of an ultraviolet hardening type. Therefore, the following disadvantages occur. 

40 

(1 ) In Fig. 9, if an ultraviolet light (UV light) is incident upon the optical fiber array 21 from an upper side, the incident 
light is not introduced into all portion of an adhesive 31 arranged between an inner side surface of the V-groove 
substrate 24 which constructs the concave portion and an outer side surface of the fiber fix substrate 25 i.e. into 
a portion to which the bottom portion of the V-groove substrate 24 is contacted. In this case, a non-hardening 

45 portion of the adhesive 31 occurs as shown in Fig. 1 0a. Therefore, a reliability of the optical fiber array 21 becomes 

worse due to the non-hardening portion. 

(2) The UV light spot incident upon the adhesive 31 is broad and has an incident angle of 81. In this case, since 
a reflection rate of the non-hardening adhesive 31 is different from that of the V-groove substrate 24, the UV light 
incident upon the optical fiber array 21 having an incident angle of 81 is reflected, and this the UV light is not 

50 introduced into the adhesive 31 . Therefore, the adhesive is not uniformly hardened as shown in Fig. 11 b. In addition, 

a reliability of the optical fiber array 21 becomes worse due to the ununiform hardening. 

(3) Since the adhesive 31 is shrinked, the bottom portion of the concave portion of the V-groove substrate 24 is 
distorted and thus the V-grooves 23 are also distorted. Accordingly, the optical fibers 22 arranged in the V-grooves 
23 are moved, and thus a light transmitting loss when connecting is increased. In addition, since a stress due to 

55 the distortion is liable to be concentrated to a comer of the concave portion, the V-groove substrate 24 is liable to 

be fractured from this comer as shown in Fig. 10c. 

(4) Since the adhesive 31 arranged between the inner side surface of the V-groove substrate 24 which constructs 
the concave portion and the outer side surface of the fiber fix substrate 25 is extended vertically, an area of the 
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adhesive 31 contributed to the adhesion is small. Therefore, a connection strength between the V-groove substrate 
24 and the fiber fix substrate 25 is decreased. 

(5) When the fiber fix substrate 25 is. installed with the V-groove substrate 24, it is difficult to insert the fiber fix 
substrate 25 into the concave portion of the V-groove substrate 24. 

Summary of the Invention 

It is an object of the invention to eliminate the drawbacks mentioned above and to provide an optical fiber array 
having a higher reliability than that of the known optical fiber array. 

According to the present invention, an optical fiber array including a V-groove substrate having at least on V-groove 
in which an optical fiber is arranged and a fiber fix substrate for fixing the at least one optical fiber arranged in the V- 
groove, where one of the V-groove substrate and the fiber fix substrate has a concave portion into which the other 
substrate is arranged in such a manner that a bottom surface of the concave portion of the one substrate is connected 
to a bottom surface of the other substrate directly or via the optical fiber, said concave portion preferably having side 
end walls whose thickness is thicker than that of a bottom portion in which the V-grooves are formed, and characterised 
in that: 

side inner surfaces of the concave portion of the one substrate and side surfaces of the other substrate have a 
taper shape extending gradually wider toward an opening of the concave portion. 

In the optical fiber array mentioned above, in order to fix the optical fiber on the V-groove, one of the V-groove 
substrate and the fiber fix substrate has a concave portion into which the other substrate is arranged in such a manner 
that a bottom surface of the concave portion of the one substrate is connected to a bottom surface of the other substrate 
directly or via the optical fiber. Therefore, a connection plane between the V-groove substrate and the fiber fix substrate 
is along a bottom plane and a side inner plane. In addition, a fiber connection plane on which the optical fibers exist 
and an exposed end of the connection plane mentioned above is not aligned straight but windingly. As a result, a water 
component is not liable to be introduced into the fiber connection plane mentioned above via the connection plane 
between the V-groove substrate and the fiber fix substrate. Therefore, a deterioration of the fiber connection plane due 
to the introduced water component can be prevented, and thus it is possible to obtain the optical fiber array having a 
highly reliability. 

Moreover, in the optical fiber array mentioned above, side inner surfaces of the concave portion of one of the V- 
groove substrate and the fiber fix substrate and side surfaces of the other substrate have a taper shape extending 
gradually wider toward an opening of the concave portion. In this case, if the V-groove substrate and the fiber fix 
substrate are connected by applying an UV light on an adhesive of an ultraviolet hardening type arranged in a portion 
having a taper shape between the V-groove substrate and the fiber fix substrate, an UV light is not reflected on the 
connection plane and thus can be uniformly incident upon the adhesive arranged on the portion having a taper shape. 
Therefore, it is possible to eliminate the non-hardening portion of the adhesive and the distortion of the V-groove and 
the comer, and to improve the strength of the optical fiber array and the installation ability. 

Further, if the V-groove substrate and the fiber fix substrate are made of ceramics or glass, especially if they are 
manufactured by a powder press method using ceramics powders, or if they are manufactured by a glass melting 
forming method by using glass, it is possible to obtain the V-groove substrate and the fiber fix substrate both having 
a complicated shape in a relatively easy and highly precise manner. 

Furthermore, the V-groove substrate or the fiber fix substrate which has the concave portion is machined by a 
grinding method, the corner of the concave portion becomes an R shape due to a wear by a grinder for use in the 
grinding method. Under such a condition, if the V-groove substrate and the fiber fix substrate are connected, a gap is 
generated- at the connection plane therebetween, and in an extremely case the optical fiber is not fixed. In order to 
eliminate the drawbacks mentioned above, it is preferred to arrange a recess for keeping a residual adhesive at the 
corner of the concave portion. In addition, it is preferred to cut the comer of the V-groove substrate or the fiber fix 
substrate which is inserted into the concave portion to form a chamfer portion. 

Moreover, it is preferred that an angle of the taper shape of the V-groove substrate or the fiber fix substrate which 
is inserted into the concave portion i.e. an angle of a taper plane with respect to a plane vertical to a V-groove forming 
plane of the V-groove substrate is more than 1 .4°, and further an angle of the taper shape of the concave portion is 
more than 1 .4°. This is because, in these cases, an UV light transmitted through the V-groove substrate or the fiber 
fix substrate which is inserted into the concave portion is not reflected at all at the tapered connection plane between 
the V-groove substrate and the fiber fix substrate, and thus an UV light is incident upon the adhesive arranged in the 
tapered connection plane. 

Brief Description of the Drawings 



Fig. 1 is a schematic view showing one embodiment of an optical fiber array according to the invention; 
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Fig. 2 is a schematic view illustrating one state that the optical fiber array according to the invention is installed; 
Fig. 3 is a schematic view depicting the another state that the optical fiber array according to the invention; 
Fig. 4 is a schematic view for explaining a preferred shape of a concave portion of the optical fiber array according 
to the invention; 

5 Fig. 5 is a schematic view for explaining a recess and a comer cut portion of a preferred embodiment of the optical 

fiber array according to the invention; 

Figs. 6a to 6c are schematic views for explaining a preferred taper angle of the optical fiber array according to the 
invention respectively; 

Fig. 7 is a schematic view showing one embodiment of manufacturing the optical fiber array according to the 
10 invention; 

Fig. B is a schematic view illustrating one embodiment of a known optical fiber array; 

Fig. 9 is a schematic view depicting another embodiment of the known optical fiber array; and 

Figs. 10a to 10c are schematic view for explaining the drawbacks of the known optical fiber array respectively. 

is Description of the Preferred Embodiment 

Fig. 1 is a schematic view showing one embodiment of an optical fiber array according to the invention. In Fig. 1 , 
an optical fiber array 1 comprises a V-groove substrate 4 having a plurality of V-grooves 3 on which a optical fiber 2 is 
arranged, and a fiber fix substrate 5 for fixing the optical fibers 2 arranged on the V-groove 3. in the embodiment 

20 mentioned above, one feature of the present invention is that side projection portions 4-1, 4-2, whose thickness is 
thicker than that of a portion of the V-groove substrate 4 in which a fiber connection plane 6 contacted with the optical 
fiber 2 exists, are integrally formed to obtain the V-groove substrate 4 having a concave portion. Another feature of the 
present invention is that side inner surfaces 8-1, 8-2 of the concave portion of the V-groove substrate 4 and side 
surfaces 9-1 , 9-2 of the fiber fix substrate 5 have a taper shape extending gradually wider toward an opening of the 

25 concave portion. Then, the fiber fix substrate 5 is inserted and connected into the concave portion of the V-groove 
substrate 4 to fix the optical fibers 2 on the V-grooves 3. 

Also in the embodiment mentioned above, as is the same as the known example, the V-groove 3 is arranged partly 
along a longitudinal direction A of the optical fiber array 1 . A concave portion not shown is arranged in the connected 
V-groove substrate 4 and the fiber fix substrate 5 from one end of the V-groove 3 to the other end of the optical fiber 

30 array 1 . Therefore, a tape fiber 7, in which a predetermined number of the optical fibers 2 e.g. four optical fibers 2 in 
Fig. 1 are integrated, is fixed in the optical fiber array 1 in such a manner that bared optical fibers 2 at one end portion 
of the tape fiber 7 are fixed on the V-grooves 3 and the tape fiber 7 other than the bared optical fibers 2 is fixed in the 
concave portion mentioned above. 

In the optical fiber array 1 mentioned above, the fiber connection plane 6 is not directly disposed outwardly. That 

35 is to say, a connection plane between the V-groove substrate 4 and the fiber fix substrate 5 has a concave i.e. not 
straight shape including the fiber connection plane 6 and connection planes 6-1 , 6-2 between the side projection por- 
tions 4-1 , 4-2 projected vertically with respect to the fiber connection plane 6 and the fiber fix substrate 5. In this case, 
a water component and so on is introduced from exposed ends of the connection planes 6-1 , 6-2 and a deterioration 
of the optical fiber array 1 occurs. However, in the embodiment mentioned above, since the connection plane is not 

40 straight, it is difficult to introduce a water component to the fiber connection plane 6 via the connection plane. Therefore, 
the optical fiber array 1 is not deteriorated. 

Moreover, in the embodiment mentioned above, the side inner surfaces 8-1 , 8-2 of the concave portion of the V- 
groove substrate 4 and the side surfaces 9-1 , 9-2 of the fiber fix substrate 5 have a taper shape extending gradually 
wide toward an opening of the concave portion. In addition, an angle of a taper plane is preferably set to more than 

45 1 .4°. Therefore, if an UV light is incident upon an adhesive having an ultraviolet hardening type arranged on the con- 
nection planes 6-1, 6-2 from an upper side thereof, an UV light transmitted through the fiber fix substrate 5 which is 
inserted into the concave portion is not reflected at all at the tapered connection planes 9-1 , 9-2 of the fiber fix substrate 
5, and thus an UV light is incident upon the adhesive. 

Figs. 2 and 3 are schematic views respectively showing a state that the optical fiber array 1 is installed. In the 

50 embodiment shown in Fig. 2, the V-groove substrate 4 has the concave portion as is the same as the embodiment 
shown in Fig. 1 . In the embodiment shown in Fig. 3, side projection portions 5-1 , 5-2 are formed integrally to the fiber 
fix substrate 5 to obtain the fiber fix substrate 5 having a concave portion. In the embodiments shown in Figs. 2 and 
3, portions similar to those of Fig. 1 are denoted by the same reference numerals shown in Fig. 1, and explanations 
thereof are omitted here. In Figs. 2 and 3, concave portions 11 and 12 are formed in the V-groove substrate 4 and the 

55 fiber fix substrate 5 respectively to accommodate a tape fiber 7 having a cover layer. It should be noted that in Fig. 3 
numerals 8-1 , 9-2 show side surfaces of the V-groove substrate 4 and numerals 9-1 , 9-2 show side inner surfaces of 
the fiber fix substrate 5. 

In the both embodiments shown in Fig. 2 and 3, the installation of the optical fiber array 1 is as follows. At first, the 
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optical fibers 2 are arranged on a bottom surface of the concave portion of one substrate. Then, the other substrate is 
inserted into the concave portion in such a manner that the optica! fibers 2 are arranged on the V-grooves 3 formed in 
either substrate. Then, a load is applied to fasten the substrates. After that, a resin as an adhesive having an ultraviolet 
hardening type is supplied to the V-groove 3, the fiber connection plane 6, and the connection planes 6-1 , 6-2. Then, 

s an UV light is incident upon those members form an upper side to harden a rein. In this case, it is preferred to form a 
hole in the fiber fix substrate 5 for supplying a resin. 

Moreover, as shown in Fig. 4, it is preferred to set a width B of the bottom portion of the concave portion 11 or 12 
to that of the tape fiber 7 so as to arrange the optical fibers 2 on the substrate having the concave portion. Further, it 
is preferred to set dimensions of the concave portions 11 and 12 in a thickness direction of the substrate in such a 

io manner that the tape fiber 7 is just fitted therein when the optical fibers 2 are arranged on the V-groove 3. In this case, 
it is preferred to set positions of the V-grooves 3 corresponding to those of the optical fibers 2 in the tape fiber 7. For 
example, in the case of using the tape fiber 7 which is on the market, since a distance from a side surface of the tape 
fiber 7 to a first optical fiber 2 is aboutO.1 mm, it is preferred to set a first V-groove 3 to a distance of 0.1 mm from the 
inner side surface of the concave portion. 

is Further, it is important to set a width of the concave portion of one substrate larger than that of the other substrate, 

since the other substrate must be fitted in the concave portion of one substrate. In this case, it is preferred to set a 
clearance between the concave portion as small as possible, since the clearance becomes an adhesive layer there- 
between. However, it is permissive that the clearance is less than 0.1 mm. From the view point of a machining precision, 
it is most suitable to set the clearance therebetween to about 20 um 

20 In the optical fiber array 1 according to the present invention, when the concave portion is formed by a grinding, 

a comer of the concave portion is not sharp i.e. becomes an R shape. In this case, if the other substrate is tried to be 
fitted tightly in the concave portion of one substrate, the substrates are not connected tightly. In an extreme case, there 
is a possibility that the fiber fix substrate 5 is not contacted to the optical fibers 2. In order to eliminate the drawback 
mentioned above, it is preferred jo arrange a recess 15 for keeping a residual adhesive at the corner of the concave 

25 portion as shown in Fig. 5. Moreover, it is preferred to arrange a chamfer portion 1 6 at a corner of the fiber connection 
plane 6 of the substrate which is inserted into the concave portion as shown in Fig. 5. In this case, the chamfer portion 
1 6 is formed by a so called C chamfer portion. 

After the optical fibers 2 are installed in the optical fiber array 1 in the manner mentioned above, it is usual to grind 
both end surfaces of the optical fiber array 1 to a predetermined angle such as a right angle. In the embodiment shown 

30 in Fig. 1 (Fig. 2), either of side surfaces of the V-groove substrate 4 having the concave portion is formed parallel to 
an extending direction of the V-groove 3. Therefore, it is possible to obtain a predetermined angle in an easy manner 
if the grinding is performed on the basis of the extending direction of the V-groove 3. Moreover, in the embodiment 
shown in Fig. 3, side surfaces of the V-groove substrate 4 is not exposed outside the optical fiber array 1 . Therefore, 
at first, a parallel relation in the extending direction of the V-groove 3 between the inner side surfaces having a taper 

35 shape of the concave portion and the outer side surfaces is maintained in the fiber fix substrate 5. Then, a parallel 
relation in the extending direction of the V-groove 3 between the side surfaces having a taper shape and the V-groove 
3 in the V-groove substrate 4. Then, a parallel relation in the extending direction of the V-groove 3 between the outer 
side surfaces of the fiber fix substrate 5 and the V-groove 3 by fitting the inner side surfaces having a taper shape of 
the fiber fix substrate 5 to the side surfaces having a taper shape of the V-groove substrate 4. In this manner, a pre- 

40 determined angle can be obtained by grinding on the basis of the outer side surface of the fiber fix substrate 5. In the 
embodiment mentioned above, it is preferred to make respective parallel rate to less than 0.01°. 

In the known optical fiber array shown in Fig. 8, since the connection plane between the V-groove substrate and 
the fiber fix substrate exists at the side surface of the optical fiber array, the adhesive used for the installation is stuck 
out at the side surface of the optical fiber array. In this case, the side surface of the optical fiber array can not be used 

45 as a standard for the grinding, and thus it is necessary to wipe the stuck adhesive after the installation. On the other 
hand, in the present invention, since no connection plane exists at the side surface of the optical fiber array, it is possible 
to use the side surface of the optical fiber array as a standard for the grinding. 

In the present invention, the inner side surface of the concave portion of the V-groove substrate 4 or the fiber fix 
substrate 5 and the side surface of the other fiber fix substrate 5 or V-groove substrate 4 have a taper shape extending 

50 gradually wider toward an opening of the concave portion. Then, the adhesive having an ultraviolet (UV) hardening 
type is arranged to a portion between the inner side surface of the concave portion of one substrate and the side 
surface of the other substrate both having a taper shape and a portion other than the V-grooves 3 between a bottom 
surface of the concave portion of one substrate and a bottom surface of the other substrate. After that, an UV light is 
incident upon the optical fiber array from an upper side so as to harden the adhesive. In this manner, the V-groove 

55 substrate 4 and the fiber fix substrate 5 are connected with each other In this case, the UV light introduced from the 
upper side is generally transmitted through the V-groove substrate 4 and the fiber fix substrate 5. Therefore, the ad- 
hesive arranged at the portion other than the V-grooves 3 between the bottom surface of the concave portion of one 
substrate and the bottom surface of the other substrate is hardened preferably. However, the adhesive arranged at 
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the portion between the inner side surface of the concave portion of one substrate and the side surface of the other 
substrate both having a taper shape is not completely hardened, if a relation between an incident angle of the UV light 
and a taper angle is varied. In this case, there remains a non-hardening adhesive layer. 

Hereinafter, the taper angle of the taper shape i.e. an angle between the tapered side surface and a plane vertical 

5 to a plane on which the V-grooves 3 are arranged will be explained with reference to Figs. 6a to 6c. In the embodiments 
shown in Figs. 6a to 6c, B1 is the incident angle of the UV light, 82 is the taper angle of the taper shape, nl is a refraction 
index of the substrate, and n2 is a refraction index of the adhesive before hardened. At first, in Fig. 6a, the taper angle 
82 necessary to obtain a high transmissivity of the UV light is determined by the incident angle 81 of the UV light, the 
refraction index nl of the substrate dependent upon materials of the substrate, and the refraction index n2 ol the ad- 

10 hesive before hardened. Moreover, the incident angle 81 of the UV light is dependent upon a condition of the UV light 
application. As shown in Fig. 6b, it is generally assumed that a width of the bottom portion of the concave portion in 
the optical fiber array 1 is about 4.5 mm and a distance between the UV light source and the optical fiber array 1 is 10 
mm. In this case, as shown in Fig. 6c, the incident angle 81 becomes 8.1° when the substrate plugging the concave 
portion is made of Pyrex (trade mark). Then, an angle 83 necessary for transmitting i.e. not reflecting is determined 

is from the refraction indexes nl and n2 on the basis of Snell laws of refraction, and the results of the determination are 
shown in the following Table 1 . 



Table 1 



quartz (U V incident angle 7.7°) 


BK-7 (UV incident angle 7.9°) 


pyrex (U V incidnet angle 8.1°) 


n1 


n2 


83 


n1 


n2 


83 


n1 


n2 


83 


1.55 


1.43 


22.7° 


1.51 


1.43 


18.5° 


1.47 


1.43 


13.4° 


1.55 


1.45 


20.7° 


1.51 


1.45 


16.2° 


1.47 


1.45 


9.5° 


1.55 


1.47 


18.5° 


1.51 


1.47 


13.2° 


1.47 


1.47 


0° 



The condition necessary for transmitting the U V light through the side surface of the substrate plugging the concave 
portion is 83 < 81 + 82. In order to satisfy the transmitting condition i.e. inequality mentioned above for all the cases 
shown in Table 1 , it is sufficient to satisfy the above inequation in the case of the maximum 83 of 22.7° in quartz. In 

30 this case, 82 > 15.0° is obtained from 22.7° < 7.7° + 82. However, Pyrex is generally used as the substrate material. 
In this case, it is sufficient to set the taper angle 82 to 1.4° (9.5° -8.1°) at minimum when using the adhesive having a 
refraction index less than 1 ,45 so as to introduce the UV light to the adhesive without being reflected. Therefore, in the 
present invention, it is preferred to set the taper angle 82 to less than 1.4°. 

Next, a manufacturing method will be explained. In the present invention, a method of manufacturing the~V-groove 

35 substrate 4 and the fiber fix substrate 5 is not limited and all the known manufacturing method can be used preferably. 
However, when the V-groove substrate 4 and the fiber fix substrate 5 shown in Figs. 1 and 2 are manufactured by a 
grinding, a diamond grinder having a width of generally a few mm is used. Therefore, if it is assumed that a depth of 
the concave portion is 2 mm and an angle of the V-groove is 70°, it is necessary to set a distance from the end of the 
filter connection plane to a center of the first V-groove to 1 .4 at minimum as shown in Fig. 7. In this case, it is impossible 

40 to form the first V-groove at a position 0.1 mm apart from the inner side surface of the concave portion. Of course, if 
use is made of the grinder having a width of less than 0.2 mm, it is possible to position the first V-groove as mentioned 
above. However, if use is made of the grinder having such a thin width, a stiffness of the grinder becomes low, and 
thus a grinding precision of the V-groove is liable to be decreased. Moreover, in the embodiment shown in Fig. 3, since 
the bottom surface of the concave portion is used for fixing the optical fibers, it is preferred to form the bottom surface 

45 having a fine plane. If such a fine bottom surface is to be formed by the grinding, it is necessary to perform the grinding 
by using the fine grinder for a long time or to further perform a post-grinding. 

The problems mentioned above on manufacturing the V-groove substrate and the fiber fix substrate can be elim- 
inated by using a powder press method when use is made of ceramics as raw materials or by using a transfer technic 
such as a glass melt forming method when use is made of glass as raw materials. As the glass melt forming method, 

50 it is possible to utilize the technic disclosed in Japanese Patent Laid-open Publication No. 4-296802 by the applicant. 
Moreover, the powder press method can be performed as follows. 

At first, 3% of polyvinyl alcohol (PVA) and 1% of polyethylene glycol are added as a binder to alumina powders 
having a purity of 99.8% as raw materials to obtain a mixture. Then, the mixture is subjected to a spray dryer to obtain 
forming raw materials. Then, the thus obtained forming raw materials are filled in a predetermined die. Under such a 

55 condition, a stress of 2000 kg/cm 2 is applied to perform a press forming to obtain a formed body. After that, the formed 
body is fired at 1600°C in an oxidation atmosphere to form the V-groove substrate 4 and the fiber fix substrate 5. 
As clearly understood from the above, according to the present invention, one of the V-groove substrate and the 
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fiber fix substrate has a concave portion and the other fiber fix substrate or the V-groove substrate is fitted in the 
concave portion. Therefore, a water component is not introduced into the fiber connection plane. Moreover, the inner 
side surface of the concave portion of one of the V-groove substrate and the fiber fix substrate and the side surface of 
the other fiber fix substrate or the V-groove substrate have a taper shape. Therefore, when the adhesive of the UV 
hardening type is arranged in the taper shape portion and the UV light is incident upon the optical fiber array from the 
upper side to harden the adhesive, it is possible to eliminate the non-hardening portion of the adhesive, prevent the 
distortion of the corner portion and the V-groove, and improve the strength and the installation property. Therefore, 
according to the invention, it is possible to obtain the optical fiber array having a high reliability. 

Claims 



An optical fiber array including a V-groove substrate having at least one V-groove in which at least one optical fiber 
is arranged and a fiber fix substrate for fixing the at least one optical fiber arranged in the V-groove, where 

one of the V-groove substrate and the fiber fix substrate has a concave portion into which the other substrate 
is arranged in such a manner that a bottom surface of the concave portion of the one substrate is connected 
to a bottom surface of the other substrate directly or via the optical fiber, characterised in that 

side inner surfaces of the concave portion of the one substrate and side surfaces of the other substrate have 
a taper shape extending gradually wider toward an opening of the concave portion. 

The optical fiber array according to claim 1 , wherein said V-groove substrate and fiber fix substrate are made of 
ceramics or glass. 

The optical fiber array according to claim 2, wherein said V-groove substrate and fiber fix substrate are manufac- 
tured by a powder press method or by a glass melt forming method. 

4. The optical fiber array according to any one of the preceding claims, wherein a corner portion of said concave 
30 portion of said one substrate has a recess for keeping a residual adhesive. 

5. The optical fiber array according to any one of the preceding claims, wherein a corner of a fiber connection plane 
of said other substrate has a chamfer portion. 

35 6. The optical fiber array according to any one of the preceding claims, wherein a taper angle of said other substrate 
is larger than 1.4*. 

7. The optical fiber array according to claim 6, wherein a taper angle of said one substrate is larger than 1 .4°. 
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